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ABSTRACT
We present an independent cosmic shear analysis of the non-cosmological B-mode distortions
within the public first year data from the Dark Energy Survey (DES). We find no significant
detection of B-modes in a full tomographic analysis of the primary METACALIBRATION shear
catalogue. This is in contrast to the secondary IM3SHAPE shear catalogue, where we detect B-
modes at a significance of ∼ 3σ with a pattern that is consistent with the B-mode signature of
a repeating additive shear bias across the survey. We use the COSEBIs statistic to cleanly sep-
arate the B-modes from the gravitational lensing signal (E-modes). We find good agreement
between the measured E-modes and their theoretical expectation given the DES cosmological
parameter constraints.
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1 INTRODUCTION
Cosmic shear is one of the primary cosmological probes of the large
scale structures in the Universe (Bartelmann & Schneider 2001),
with the potential to expand our understanding of dark matter and
the accelerated expansion of the Universe. In order to release this
potential we need to understand and control systematic effects that
can contaminate this signal. In Asgari et al. (2018, A18 hereafter),
we extracted the systematic signal from three public cosmic shear
surveys, the first 450 deg2 from the Kilo Degree Survey (KiDS-
450, Hildebrandt et al. 2017), the Canada France Hawaii Telescope
Lensing Survey (CFHTLenS, Heymans et al. 2012) and the Dark
Energy Survey Science Verification (DES-SV, Dark Energy Sur-
vey Collaboration et al. 2016). We used COSEBIs (Complete Or-
thogonal Sets of E/B-Integrals, Schneider et al. 2010), which are
two point statistics that cleanly separate, E-modes produced by
the gravitational lensing and systematic effects from B-modes that
originate from systematics only1. By modelling a number of terres-
trial systematic effects, we showed that the choice of the statistics
used for E/B-mode decomposition is important and the systematics
can affect E and B-modes at different scales. The signature of the
systematic effects that we modelled can be compared to the data to
diagnose the origin of the B-modes.
In A18 we found evidence for systematics with a significant
detection of B-mode for KiDS-450, CFHTLenS and DES-SV. We
? E-mail: ma@roe.ac.uk
1 Source clustering (Schneider et al. 2002) and higher order lensing ef-
fects Schneider et al. (1998) can produce currently insignificant levels of
B-modes. Some of the non-standard cosmological models are also able to
produce them (see for example Thomas et al. 2017).
concluded the B-modes of all three surveys were consistent with
a repeating additive shear bias systematic and that DES-SV, in ad-
dition, suffered from PSF-leakage and a redshift dependant selec-
tion bias. With the public release of DES first year data (Abbott
et al. 2018, DES-Y1) we revisit this analysis. Zuntz et al. (2018)
presented a shear power spectrum analysis of DES-Y1 concluding
that the B-mode power was consistent with zero. As the main cos-
mological analysis of this dataset (DES Collaboration et al. 2017;
Troxel et al. 2018, T18 hereafter) was carried out using the shear
correlation functions, which are sensitive to different scales, we ar-
gue that this B-mode analysis is neither sufficient nor the appro-
priate method to then conclude zero B-mode contamination for the
cosmological analysis that followed. We note that the same method
was used for DES-SV which also concluded that the B-modes were
insignificant in contrast to our analysis in A18 .
To quantify the effect of the systematics on the cosmological
parameters, A18 employed the data compression method of Asgari
& Schneider (2015), to produce compressed COSEBIs (CCOSE-
BIs). This method compresses the data according to its sensitivity
to the parameters to be estimated. We compared the value of the
measured CCOSEBIs on mock data with and without added sys-
tematics and concluded that all of the systematics that we had mod-
elled added power to the signal. As a result the measured values of
σ8 and Ωm are biased high when these systematics are present in
the data and thus these systematics are unable to explain the persis-
tent tension seen between cosmological parameter constraints from
weak gravitational lensing surveys and those from the cosmic mi-
crowave background (Hildebrandt et al. 2017; Troxel et al. 2018;
Hikage et al. 2018; Planck Collaboration et al. 2018).
In this letter we measure COSEBIs and CCOSEBIs for DES-
Y1 and compare them to the systematics modelled in A18. COSE-
c© 2018 The Authors
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BIs and CCOSEBIs are introduced in Section 2 and the data in Sec-
tion 3. The results are shown in Section 4 and the conclusions are
laid out in Section 5. Our pipeline to calculate COSEBIs is avail-
able on request.
2 METHODS
We use COSEBIs and CCOSEBIs to separate E/B-modes in DES-
Y1. Here we only briefly outline the relevant equations and refer
the reader to Schneider et al. (2010), Asgari & Schneider (2015)
and A18 where they are introduced in more detail.
2.1 COSEBIs
COSEBIs modes can be measured from survey data using their re-
lation to shear two point correlation functions, ξ±,
En =
1
2
∫ θmax
θmin
dθ θ [T+n(θ) ξ+(θ) + T−n(θ) ξ−(θ)] , (1)
Bn =
1
2
∫ θmax
θmin
dθ θ [T+n(θ) ξ+(θ)− T−n(θ) ξ−(θ)] , (2)
where En and Bn are E and B-modes, respectively and n is a
natural number, making the COSEBIs modes discrete and well-
defined. The filter functions, T±n(θ), are defined such that En and
Bn are pure E and B-modes without a trace of ambiguous modes.
As T±n(θ) produce a complete set of basis functions, COSEBIs
modes are also complete. For cosmological inference we only ex-
pect to get a signal fromEn for the first handful of n-modes (Asgari
et al. 2012). This is because ξ± are rather smooth and featureless
functions and hence their behaviour can be characterised by a small
number of modes. The Bn can be used to track the remaining sys-
tematic effects, which we measure up to n = 20 in this analysis.
2.2 CCOSEBIs
We use the data compression method defined in Asgari & Schnei-
der (2015) to compress COSEBIs modes to a smaller number of
quantities. This compression is very useful when tomographic data
is considered, especially if the analysis combines cross-correlated
data from different probes, as is the current trend in cosmology.
Asgari & Schneider (2015) data compression relies on the sensitiv-
ity of the data vector to the model parameters. This sensitivity is
quantified by the first and second order derivatives of the observ-
able statistics to the parameters, as well as the covariance matrix of
the statistics. The addition of the second order derivatives ensures
that this data compression is less prone to losing information if the
covariance matrix or the derivatives are not accurate. We call the
compressed COSEBIs, CCOSEBIs, which are defined as,
Ec = ΓE and Bc = ΓB , (3)
where Γ is the compression matrix, Ec and Bc are the E and B-
mode CCOSEBIs, whileE andB are the COSEBIs E and B-mode
vectors. For np free parameters in the model and Ntot COSEBIs
modes, Γ is an np(np + 3)/2 × Ntot matrix. The first np rows
of Γ consist of the first order derivatives of En with respect to the
parameters multiplied by their inverse covariance matrix, while the
rest of the rows correspond to the second order compressed modes,
formed of the second order derivatives of En multiplied by their
inverse covariance matrix.
The cosmic shear cosmological information is contained in the
E-modes and the first few COSEBIs modes capture this informa-
tion. Therefore, the CCOSEBIs modes are formed of these modes.
Here we only consider σ8 and Ωm as free parameters and form
the CCOSEBIs for these parameters, resulting in five CCOSEBIs
modes, two first order modes:Ecσ8 andE
c
Ωm and three second order
modes:Ecσ8σ8 ,E
c
σ8Ωm andE
c
ΩmΩm . This reduction in data volume
can be compared to the 200 COSEBIs modes considered for a 4 to-
mographic bin analysis with 10 redshift bin pair combinations and
n = 20 mode measurements for each.
3 DATA ANALYSIS
The first year data release of the Dark Energy Survey2 (DES-
Y1, Abbott et al. 2018) consists of 1514 deg2 of cosmic shear
data in four photometric bands griz (see Morganson et al. 2018;
Flaugher et al. 2015, for the image processing pipeline and the
camera specifications). This data has been analysed with two dis-
tinct shape measurement methods: IM3SHAPE and METACALIBRA-
TION (Zuntz et al. 2018). METACALIBRATION is a method that cal-
ibrates the results of any shape measurement method based on its
sensitivity to shearing the image in different directions. For DES-
Y1, METACALIBRATION is applied to shape measurements from a
Gaussian model that is fit to the light profile of the galaxies as im-
aged in the riz photometric bands, resulting in ellipticity measure-
ments for ∼ 31 million galaxies. This is the primary catalogue for
the cosmic shear analysis presented in T18 and DES Collaboration
et al. (2017), both of which use a subset of this catalogue that over-
laps with their REDMAGIC galaxy sample, resulting in a reduced
area of 1321 deg2. IM3SHAPE is a model fitting method that uses
image simulations for calibration (Samuroff et al. 2018). For the
DES-Y1 analysis, IM3SHAPE in contrast to METACALIBRATION
analyses the r-band only, yielding a lower signal-to-noise catalogue
with ∼ 21 million galaxies. This catalogue was primarily used for
consistency checks. Here we show results for both catalogues for
the full available area.
T18 measured correlation functions between θ ∈ [2.5′, 250′],
but used a variable minimum angular distance for their cosmo-
logical analysis, to avoid sensitivity to baryonic feedback (Sem-
boloni et al. 2011). They used either θmin = 4′ or θmin =
8′ for ξ+ and θmin = 40′ or θmin = 100′ for ξ−, keeping
θmax = 250′ in all cases. In this paper we analyse these five
angular ranges: [0.5′, 250′], [4′, 250′], [8′, 250′], [40′, 250′] and
[100′, 250′], which cover all ranges analysed by T18 with the addi-
tion of a larger angular range, [0.5′, 250′], anticipating future anal-
yses that may use smaller scales (see for example MacCrann et al.
2017). Following T18 we divide the data into four photometric-
redshift bins: zphot ∈ (0.2, 0.43), zphot ∈ (0.43, 0.63), zphot ∈
(0.63, 0.9), zphot ∈ (0.9, 1.3) and also include a combined bin
of zphot ∈ (0.2, 1.3). We show predictions for the E-modes us-
ing the best fitting cosmological and nuisance parameters assum-
ing a flat-ΛCDM model based on the cosmic shear only analysis of
T18 (see Table 1) and the redshift distributions described in Hoyle
et al. (2018). The theory predictions are calculated with COSMO-
SIS (Zuntz et al. 2015)3 using the setup adopted by T18 : CAMB
for the linear matter power spectrum (Lewis et al. 2000; Howlett
et al. 2012)4, Takahashi et al. (2012) for the nonlinear evolution
2 https://des.ncsa.illinois.edu/releases/y1a1
3 COSMOSIS: bitbucket.org/joezuntz/cosmosis
4 CAMB: http://camb.info
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Table 1. The best-fitting cosmological parameters for DES-Y1 METACAL-
IBRATION (Mcal) and IM3SHAPE (Im3) catalogues (T18), estimated from
their cosmological chains. σ8 is the standard deviation of perturbations in a
sphere of radius 8h−1Mpc, today. ns is the spectral index of the primordial
power spectrum. Ωm, Ωb and Ων are the matter, baryon and neutrino den-
sity parameters, respectively and h is the dimensionless Hubble parameter.
The underlying cosmology is a flat-ΛCDM model with Gaussian initial per-
turbations. The last two columns show the intrinsic alignment parameters:
AIA, the amplitude of the intrinsic galaxy alignment model and η charac-
terising the redshift dependence of the intrinsic alignments around a pivot
redshift of z0 = 0.62.
σ8 Ωm ns h Ωb Ων AIA η
Mcal 0.81 0.29 0.97 0.74 0.033 0.010 1.40 1.43
Im3 0.63 0.48 0.92 0.62 0.031 0.016 0.48 -0.41
of matter, Bridle & King (2007)5 for the intrinsic alignments with
an additional redshift dependence characterised by a power and a
pivot redshift (see Table 1). In addition, we include the four mul-
tiplicative shear calibration parameters as well as another four ad-
ditive photometric redshift bias parameters in our predictions. For
the single bin theory predictions we set the nuisance parameters to
zero and find that this provides a good fit to the non-tomographic
data.
To calculate COSEBIs we measure 2PCFs using ATHENA6
(Kilbinger et al. 2014) with a million linear angular bins in
[0.5′, 250′]. See Asgari et al. (2017) for a series of accuracy tests
when measuring COSEBIs.
4 RESULTS
We present COSEBIs and CCOSEBIs measurements for both
IM3SHAPE and METACALIBRATION catalogues, focusing on the
significance of the measured B-modes. To do so we measure p-
values for the B-modes given a null model with a Gaussian dis-
tribution. A p-value shows the probability of measuring a B-mode
signal that is equally or more extreme than the one measured from
the data, given the model (see Appendix C of A18 for more details).
To calculate the p-values we need to first calculate the χ2 values for
which a covariance matrix is needed. In the absence of systemat-
ics or physical phenomena that can produce B-modes, this covari-
ance matrix will only depend on the weighted number of galaxy
pairs, Npair, and the weighted dispersion in galaxy shapes, σ 7.
We use the measured Npair and σ from the data to form the co-
variance matrix. When comparing the E-modes to their expectation
values based on the T18 best-fit parameters in Table 1, we add the
cosmic variance terms to the Gaussian covariance but ignore the
sub-dominant non-Gaussian and super sample terms.
The covariance matrix for the CCOSEBIs can be derived from
the COSEBIs covariance, by multiplying both sides with the com-
pression matrix, Γ. More details about the covariance calculation
is given in the method section of A18.
We first look at the COSEBIs measurements for a non-
tomographic analysis in Fig. 1 showing results for METACALIBRA-
TION (blue squares) and IM3SHAPE (black circles). Here we only
show results for the [4′, 250′] angular range, that corresponds to
5 bk_corrected in COSMOSIS
6 ATHENA: www.cosmostat.org/software/athena
7 This analytical result is validated against simulations in Asgari et al.
(2017).
Table 2. B-mode p-values for the METACALIBRATION catalogue. Each row
shows a different angular separation range. The first two columns of num-
bers show p-values for COSEBIs with 20 modes and the last two columns
belong to compressed COSEBIs. All p-values smaller than 0.01, corre-
sponding to 2.3 σ, are shown in boldface. The results are shown for both
tomographic and non-tomographic cases.
COSEBIs CCOSEBIs
θ range Single Bin Tomo Single Bin Tomo
[0.5′, 250′] 0.16 0.11 0.20 0.07
[4′, 250′] 0.33 0.35 0.88 0.96
[8′, 250′] 0.67 0.10 0.34 0.64
[40′, 250′] 0.80 0.17 0.91 0.78
[100′, 250′] 0.46 0.03 0.76 0.25
the widest angular range used in T18. On the left hand side we
show E-modes and on the right B-modes finding the B-modes for
METACALIBRATION to be consistent with zero. In contrast, the
IM3SHAPE E/B-modes show unexpected oscillations that resem-
ble the systematic signature of a repeating additive shear bias (see
figure 10 in A18). This feature was also apparent in the DES-SV
COSEBIs analysis (A18).
In Fig. 2 we present the CCOSEBIs analysis for the non-
tomographic (left) and tomographic (right) cases. The blue sym-
bols and curves represent METACALIBRATION (squares: E-modes
and circles: B-modes) and the black symbols and the dashed curve
represent IM3SHAPE (right facing triangles: E-modes and left fac-
ing triangles: B-modes). The angular range used here is the same
as in Fig. 1, with θ ∈ [4′, 250′]. The E-modes match their predicted
theory values well. CCOSEBIs for σ8 and Ωm are highly correlated
and we caution the reader if carrying out a visual inspection.
We summarise our analysis for the other angular ranges in the
form of p-values for the B-modes in Tables 2, 3, 4 and 5. All p-
values < 0.01 are shown as bold (> 2.3σ detection). Tables 2 and
3 show p-values for the COSEBIs and CCOSEBIs B-mode mea-
surements for 5 angular ranges and for the single bin and tomo-
graphic cases. In Table 2 we show results for METACALIBRATION,
while in Table 3 IM3SHAPE results are shown. We see that the p-
values show no significant B-modes for the primary METACALI-
BRATION DES-Y1 shape catalogues, for all angular ranges. This
is, however, not the case for the IM3SHAPE results, where, there is
a detection of COSEBIs B-modes in the [0.5′, 250′] angular range
for both tomographic (3.4σ) and non-tomographic (2.3σ) cases as
well as the tomographic case for [4′, 250′] (2.8σ). The CCOSEBIs
results which are not sensitive to higher COSEBIs modes do not
show any significant B-modes, however as we have shown in A18,
this does not guarantee that the E-modes are not affected by these
systematics, since some systematic effects, such as a repeating bias
pattern have a different signature for E and B-modes. For these sys-
tematics even though they affect higher order B-modes more sig-
nificantly, they tend to produce E-modes for the lower COSEBIs
modes. As a result they will bias the cosmological analysis.
χ2 is a quantity that compresses all the information into a sin-
gle summary statistic and takes a weighted average over the data,
therefore, it is not always the most informative quantity. As a re-
sult, in Tables 4 and 5 we separately analyse the auto and cross-
correlations in the tomographic data for the different redshift bin
pairs and calculate p-values for COSEBIs in each case. Table 4
shows results for METACALIBRATION and Table 5 for IM3SHAPE.
Here we see that the significant B-modes detected for IM3SHAPE
do not result in a significant p-value for any of the redshift bin
pairs individually, but as many of these p-values are close to the
MNRAS 000, 1–6 (2018)
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Figure 1. COSEBIs E-modes (left) and B-modes (right) for DES-Y1 catalogues. METACALIBRATION results are shown in blue and IM3SHAPE in black. The
p-values shown in the legends correspond to the B-modes assuming a null hypothesis of zero B-modes. The angular range considered here is [4′, 250′]. Note
that COSEBIs modes are discrete and the theory values are connected to each other only for visual aid. The errors for E-modes include cosmic variance terms
and hence are larger than the B-mode errorbars.
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Figure 2. Compressed COSEBIs results for METACALIBRATION (blue) and IM3SHAPE (black) catalogues. The angular separation range is [4′, 250′] and the
results are shown for non-tomographic (left) and tomographic (right) cases. B-modes are shown to be consistent with zero for both catalogues. The expected
theory values for E-modes are shown as curves (see Table 1 for the input cosmological parameters). Note that CCOSEBIs modes are discrete and the theory
values are connected to each other only for visual aid.
Table 3. Same as Table 2, but for IM3SHAPE catalogues.
COSEBIs CCOSEBIs
θ range Single Bin Tomo Single Bin Tomo
[0.5′, 250′] 9.8e− 3 3.7e− 4 0.23 0.07
[4′, 250′] 0.02 2.2e− 3 0.89 0.44
[8′, 250′] 0.06 0.01 0.17 0.22
[40′, 250′] 0.10 0.06 0.30 0.89
[100′, 250′] 0.11 0.03 0.19 0.87
threshold, their "averaged" p-value becomes significant. On the
other hand we see that although none of the METACALIBRATION p-
values were significant in Table 2, the combination of the two high-
est redshift bins, z-34, shows significant B-modes of up to 3.0σ
for 3 of the angular ranges. On inspection, the B-mode in the z-
34 bin combination has oscillatory features out to high n-modes,
similar to the pattern expected from a repeating additive shear bias.
When all the bins are combined, however, this significant detection
is cancelled by the large p-values for the lower redshift bins. The
distribution of the METACALIBRATION p-values in Table 4 is essen-
tially flat which is expected if the model (zero B-modes) is a good
description of the data. The distribution of the IM3SHAPE p-values
in Table 5, however, shows a visible skewness towards smaller val-
ues which indicates that the zero B-mode model is a poor fit (see
Appendix C in A18).
Table 4. B-mode p-values for METACALIBRATION catalogues split for each
pair of redshift bins. Each row presents p-values for the given redshift bin
pair, z-ij, corresponding to the COSEBIs measured for redshift bins i and
j. The results are shown for 5 angular ranges and 20 COSEBIs modes. The
boldfaced values correspond to p-value < 0.01 and hence a significant B-
mode detection, larger than 2.3 σ.
[0.5′, 250′] [4′, 250′] [8′, 250′] [40′, 250′] [100′, 250′]
z-11 1.00 1.00 0.99 0.86 0.60
z-12 0.84 0.90 0.59 0.80 0.68
z-13 0.49 0.41 0.67 0.43 0.69
z-14 0.48 0.35 0.77 0.60 0.75
z-22 0.04 0.12 0.11 0.85 0.38
z-23 0.18 0.63 0.48 0.95 0.52
z-24 0.13 0.07 0.03 0.03 0.22
z-33 0.06 0.41 0.16 0.11 0.15
z-34 0.09 0.03 1.2e− 3 2.1e− 3 1.6e− 3
z-44 0.51 0.71 0.79 0.22 0.01
5 CONCLUSIONS
One of the major challenges for current and future cosmic shear
analysis is the appropriate treatment of systematic effects. With
COSEBIs we can separate E/B-modes completely and efficiently.
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Table 5. Same as Table 4 but for IM3SHAPE catalogues.
[0.5′, 250′] [4′, 250′] [8’, 250′] [40′, 250′] [100′, 250′]
z-11 0.03 0.03 0.04 0.54 0.35
z-12 0.03 0.03 0.29 0.16 0.04
z-13 0.43 0.92 0.80 0.58 0.21
z-14 0.11 0.02 0.06 0.05 0.03
z-22 0.29 0.47 0.43 0.60 0.36
z-23 0.19 0.49 0.26 0.79 0.89
z-24 0.25 0.25 0.23 0.05 0.28
z-33 0.10 0.08 0.05 0.33 0.49
z-34 0.20 0.10 0.34 0.21 0.22
z-44 0.03 0.17 0.19 0.16 0.19
The B-modes of COSEBIs are very sensitive to the systematic ef-
fects in the data and can be used as a diagnosis tool. In addition,
its E-modes can be used for cosmological analysis, allowing for
a consistent treatment of the data for both E and B-modes. Here
we followed the analysis of Asgari et al. (2018) measuring COSE-
BIs and CCOSEBIs E/B-modes for both catalogues of the DES-
Y1 data. We found that METACALIBRATION has B-modes that are
consistent with zero for the full tomographic analysis. On inspec-
tion of individual bin combinations, however, we found the z-34
bin to be an outlier with a 3.0σ B-mode. This low-level B-mode
from a single bin is unexpected to produce any biases in the cos-
mological analysis for the current volume of the data. For future
data releases, however, this signal should be investigated further as
the last redshift bins have the highest signal-to-noise contribution
to the cosmological analysis.
A tomographic analysis of the IM3SHAPE catalogue shows a
significant detection of B-modes up to 3.4σ. Although IM3SHAPE
is not used in the primary DES cosmological analysis it is used
for validation. If the B-modes in the IM3SHAPE catalogues persist,
their use as a validation tool becomes limited.
Hildebrandt et al. (2018) presents an updated cosmic shear
analysis of the Kilo-Degree Survey (KiDS) that incorporates near
infra-red photometry (Wright et al. 2018) and a number of other im-
provements (Kannawadi et al. 2018). They conclude that their con-
trol of systematics has significantly improved in this new 9-band
analysis, with the previously reported significant B-mode detection
found to now be consistent with zero. Given this development for
KiDS, and our independent verification of the high quality system-
atic control within DES, we see a very promising future for high
accuracy cosmic shear cosmology.
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